Purpose Quality of life is an outcome often examined in treatment research contexts such as biomedical trials, but has been studied less often in alcohol use disorder (AUD) treatment. The importance of considering QoL in substance use treatment research has recently been voiced, and measures of QoL have been administered in large AUD treatment trials. Yet, the viability of popular QoL measures has never been evaluated in AUD treatment samples. Accordingly, the present manuscript describes a psychometric examination of and prospective changes in the World Health Organization Quality of Life measure (WHOQOL-BREF) in a large sample (N = 1383) of patients with AUD recruited for the COMBINE Study. Methods Specifically, we examined the construct validity (via confirmatory factor analyses), measurement invariance across time, internal consistency reliability, convergent validity, and effect sizes of post-treatment changes in the WHOQOL-BREF. Results Confirmatory factor analyses of the WHOQOL-BREF provided acceptable fit to the current data and this model was invariant across time. Internal consistency reliability was excellent (a [ .9) for the full WHOQOL-BREF for each timepoint; the WHOQOL-BREF had good convergent validity, and medium effect size improvements were found in the full COMBINE sample across time. Conclusions These findings suggest that the WHOQOL-BREF is an appropriate measure to use in samples with AUD, that the WHOQOL-BREF scores may be examined over time (e.g., from pre-to post-treatment), and the WHOQOL-BREF may be used to assess improvements in quality of life in AUD research.
Introduction
Prior research on the treatment of alcohol use disorder (AUD) has predominantly evaluated treatment efficacy via consumption-based outcomes (i.e., endpoints), such as percent days abstinent or percent subjects with no heavy drinking days (e.g., [16] ). The development and maintenance of AUD are inherently tied to alcohol consumption itself, yet the sole reliance on consumption-based outcomes as the indicators of treatment efficacy has numerous limitations. Perhaps most notable of these limitations is the fact that consumption is not the only clinically relevant outcome. For example, consumption is not part of the diagnostic criteria for AUD for World Health Organization (WHO) International Classification of Diseases (WHO [42] ) or Diagnostic and Statistical Manual for Mental Disorders, 5th edition (American Psychiatric Association [2] ). Second, consumption is not all that matters to clients, clients' loved ones, or clinicians (Kaskutas et al. [24] ; [32] ).
Kaskutas et al. [24] surveyed over 9300 individuals and found that non-consumption outcomes are critical for evaluating client treatment benefit, rather than examining reductions in consumption alone. Similarly, treatment providers in the UK reported that treatment benefit should be based on a variety of outcomes, including psychological well-being, physical health, and social functioning [32] . These non-consumption variables have been previously conceptualized as the components of overall quality of life (QoL; e.g., [34] ).
Not surprisingly, QoL has been proposed as a nonconsumption outcome to be evaluated systematically in AUD trials [14] . Evaluating treatment benefit based on improvements in QoL would be an important shift in AUD treatment research not only because it is more clinically meaningful, but it would also apply to a variety of treatment goals, including abstinence and moderation goals [14, 27] . One criticism of relying on consumption outcomes as the only acceptable outcomes for establishing treatment efficacy is that such an outcome (e.g., abstinence) may not be consistent with individual client goals (e.g., [13, 14] ). Examining QoL as an outcome within the AUD treatment framework allows clinicians and researchers to broaden their definition of client improvement to include non-consumption outcomes, which could be particularly useful when working with individuals for whom abstinence treatment goals are not desirable.
Evaluating treatment benefit based on QoL rather than consumption is also consistent with studies of other psychological disorders and medical conditions. For example, biomedical research has shifted to considering overall QoL as a primary outcome variable [14] . Unsurprisingly, there is considerable research utilizing QoL measures across adult populations among individuals with and without physical or mental illnesses (e.g., [5, 33, 38, 43, 44] ). There have also been a few studies of QoL among individuals with AUD and other addictions (e.g., [17, 25, 37] ).
Despite the recommendations to examine QoL and some previous research examining QoL as a measure of treatment efficacy in AUD samples, QoL has yet to be examined systematically in AUD treatment research. The lack of systematic evaluation of QoL is problematic because the lack of consistency in the QOL measures used across trials makes cross-study comparisons difficult, and, in other trials, QoL may be overlooked completely [25] . One potential reason for the delay in shifting toward examining QoL in AUD treatment research may be that no ''gold standard'' measure of QoL has been identified for use in AUD patients. Nonetheless, several self-report and observerreport measures of QoL have been developed and examined in multiple populations [15, 22, 39] , but are rarely studied or reported in AUD samples [14] . Therefore, we do not know if extant QoL measures are appropriate to use in this population. Moreover, no studies have examined measurement invariance of any QoL measures in an AUD sample to evaluate the appropriateness of comparing scores across time (e.g., pre-to post-treatment) of QoL measures to test treatment effects. Finally, identifying a possible gold-standard QoL measure in AUD populations might allow future researchers to administer that measure, thus facilitating treatment efficacy comparisons between studies via integrative data analysis (e.g., Curran et al. [10] ). Accordingly, the present study aimed to address this important gap by examining the viability of one of the most widely used QoL measures (the World Health Organization's Quality of Life-Brief version) for use in AUD samples. Specifically, we used data collected in the COMBINE Study to explore if the WHOQOL-BREF might be viable for evaluating QoL in AUD samples by examining several aspects of the WHOQOL-BREF: construct validity (via confirmatory factor analysis), measurement invariance, internal consistency reliability, convergent validity, and ability to detect changes in QoL over time (via Cohen's d effect sizes).
Method Participants and procedures
The present analyses used data from the COMBINE Study (N = 1383; [9] ), a multi-site randomized clinical trial for individuals who met criteria for alcohol dependence (DSM-IV-TR; [1] ). Participants were 69.1% male; 76.8% non-Hispanic, White; 11.2% Hispanic; 7.9% Black; 1.3% American Indian; and 2.8% were other or mixed race; and participants' average age was 44.4 years (SD = 10.2). Participants were randomized to one of the nine treatment cells using a 2 (active naltrexone versus placebo naltrexone) 9 2 (active acamprosate versus placebo acamprosate) 9 2 (Medication Management (MM) versus Combined Behavioral Intervention (CBI)) ? 1 (CBI only with no pills) design. All participants received treatment for 16 weeks and completed follow-up assessments for up to 1 year following treatment. More information on study design and results have been published previously (Anton et al. [3] ; Donovan et al. [12] ).
Quality of life
The World Health Organization (WHO) developed a measure of quality of life (WHOQOL; [39] ). The WHO-QOL is considered as a generic, multidimensional scale because it was not designed to be used with any particular population and it covers a broad spectrum of dimensions of QoL (e.g., physical, psychological, and social health; [44] ). To reduce respondent burden, 26 items were extracted from the 100-item WHOQOL in the formation of the WHO-QOL-BREF (Lucas-Carrasco et al. [26] ; [34] ).
The WHOQOL-BREF was developed using a unique, cross-cultural methodology, and its psychometric properties have been studied in many distinct cultures (e.g., Dutch, [38] ; Sudanese, [33] ; Yao and Wu [43] ). Several studies have examined the psychometric properties of the WHOQOL-BREF (e.g., [23] , Yao and Wu [43] ). For example, Skevington et al. [34] examined the psychometric properties of the WHOQOL-BREF using data collected from a survey of adults in 23 countries and in both clinical and non-clinical (i.e., healthy) populations. The WHO-QOL-BREF was determined to have good-to-excellent internal consistency and was found to have a higher-order factor structure consisting of four lower-order factors (physical health, psychological health, social relationships, and environment) and one higher-order factor for overall QoL [34] .
In the COMBINE Study, a 25-item assessment of various aspects of QoL based on the WHOQOL-BREF [39] was administered. One item that assessed the presence of negative feelings was unintentionally excluded from the original measure in the COMBINE assessment battery. Consistent with previous factor analyses of the WHOQOL-BREF, two items assessing overall QoL were excluded from the present analyses (see Table 1 for a brief description of the items examined in the present study; [34] ). Response options in the COMBINE study were ordered categorical, ranging from 1 (''not at all'') to 5 (''an extreme amount''). For the present analyses, items were recoded using the original categorical options [39] so that higher scores on each individual item consistently indicated better QoL. The WHOQOL-BREF was administered at baseline, 10 weeks following treatment (week 26) and 36 weeks following treatment (week 52). Figure 1 presents a visual depiction of data preparation and analysis plans. Preliminary data screening for the WHO-QOL-BREF items in the COMBINE Study indicated that all item pairwise correlations were less than 0.8. Visual inspection of histograms of data suggested that data were mostly distributed within normal range and data existed within each categorical response option for the whole sample. No data transformations of the WHOQOL-BREF were used for the present analyses, and all analyses considered the categorical nature of the items. 
Data preparation and analyses

Construct validity analyses
Since multiple factor structures are published, confirmatory factor analyses were used to test these previously published factor structures in COMBINE. To avoid getting an adequately fitting model due to chance alone, we split the COMBINE study sample with available data on the WHOQOL (N = 1351) using SPSS version 23 (IBM Corp [21] ) into two independent sub-samples (n = 672; n = 679) by randomly selecting approximately 50% of cases for a development sample (Sample 1, n = 672) and approximately 50% of cases for a replication sample (Sample 2, n = 679). We then used Sample 1 to specify and respecify the previously published factor models. Once we selected a final factor model using Sample 1 (i.e., the development sample), we then replicated the final model in Sample 2. All factor analyses were performed using Mplus version 7.3 [31] with the mean-and-variance adjusted weighted least squares (WLSMV) estimator since response options were categorical. Moreover, because there were significant differences in participant demographics by treatment site in the COMBINE study, all analyses used the WLSMV estimator to adjust the standard errors for clustering within treatment sites [31] . CFA was used to evaluate the factor structure of the WHOQOL-BREF to examine construct validity. The CFA model testing was based on the widely cited factor structure described by Skevington et al. [34] , as shown in Fig. 2 . We also tested other widely cited published factor structures to compare model fit to alternatives [23, 38, 43] . A priori criteria for acceptable model fit were defined by comparative fit index (CFI) C 0.9 and root mean square error of approximation (RMSEA) B .08, which is consistent with recommendations for adequate, but not strong model fit [20] . Standardized factor loadings [.30 were considered adequate, given the primary goal of the study was to examine the fit and measurement properties of an established factor structure in an AUD sample, rather than propose a new factor structure for the WHOQOL-BREF.
Measurement invariance analyses
To examine measurement invariance of the WHOQOL-BREF across time (baseline and week 26, and again between weeks 26 and 52), we employed the model-based technique described by Chen et al. [4] for testing invariance of higher-order factor structures, where overall QoL was the higher-order factor and physical heath, psychological health, social relationships, and environment were the lower-order factors. Briefly, configural invariance was tested first across time by freely estimating all parameters at each of the timepoints (baseline; week 26; and week 52-Model 1). Second, metric invariance (i.e., invariance of the factor loadings) was measured across time using two 
Internal Consistency Reliability Analyses:
Cronbach's alpha for total WHOQOL-BREF and subscales
Effect Size Analyses:
Cohen's d for total WHOQOL-BREF and subscales
Step 1: WHOQOL-BREF Data Preparation: Step 2: Psychometric testing for: different models. For Model 2, factor loadings for the lower-order factors were constrained to be equivalent across time. For Model 3, factor loadings were constrained at the higher-order factor to be equal across time. Models 1-3 were all nested and invariance was supported if the change in CFI from Model 1 to Model 2 and Model 2 to Model 3 was less than .01 as recommended by Cheung and Rensvold [6] . We relied on the change in CFI, rather than v 2 difference testing, to assess measurement invariance testing because the v 2 difference test is often unfairly biased by large sample sizes (Cheung and Rensvold [7] ; Widaman et al. [40] ).
Due to the categorical response options for the WHO-QOL-BREF items, the tests of scalar invariance (i.e., invariance of the item thresholds and factor intercepts) required additional model constraints for model identification. Specifically, item residual variances were constrained to 1 and factor means were constrained to 0 in the first timepoint (e.g., baseline) for Model 4. Then, factor means were constrained to 0 for both timepoints (e.g., baseline and week 26) in Model 5. Consequently, Model 4 built upon Model 3 by adding the additional constraint of equivalent item thresholds for the lower-order factors and Model 5 added the constraint of equivalent factor intercepts for the higher-order factor. However, since Models 4 and 5 deviated from the nested model structure used in Models 1 through 3, determining time invariance was based on a priori cutoffs for acceptable fit indices (CFI C .9 and RMSEA B .08) and the change in CFI from Model 4 to Model 5. Due to problems with model identification and to recommendations in the literature (Cheung and Rensvold [7] ), residual invariance (i.e., ''strict invariance'') was not tested in the present analyses. The full sample size was used for all invariance testing.
Convergent validity analyses
Convergent validity of the WHOQOL-BREF was tested via bivariate correlations between the total WHOQOL-BREF score and subscale scores with other, related measures. These scores on the baseline WHOQOL-BREF were examined in relation to baseline scores on the Alcohol Dependence Scale (ADS; [35] ), the Brief Symptom Inventory (BSI; [11] ), and the Drinker Inventory of Consequences (DrInC; [29] ). The ADS is a 25-item assessment of symptoms of alcohol dependence; we used the total score in the present study. Internal consistency of baseline ADS was a = 0.849. The BSI is a 53-item measure of general psychiatric symptoms; internal consistency of baseline BSI was a = 0.965. We used both the total BSI score (representing global psychological problem severity) and scores on each of the nine subscales. The DrInC is a 45-item measure of alcohol-related consequences; internal consistency of baseline DrInC was a = 0.937. The DrInC assesses frequency of experience for each consequence in the assessment window (responses are 0 = ''never'' to 3 = ''daily or almost daily''). The present study examined total DrInC score (excluding the control-scale items) as well as scores on each of the 5 subscales. Since higher scores on the WHOQOL-BREF indicated that better QoL and higher scores on the ADS, BSI, and DrInC (including their subscales) indicate poorer functioning (i.e., higher problem severity), all bivariate correlations were hypothesized to be negative.
Internal consistency reliability and effect size analyses
Internal consistency reliability was analyzed using Cronbach's alpha via version 23 of SPSS (IBM Corp [21] We evaluated effect sizes for the changes in average scores for each subscale (physical health, psychological health, social relationships, and environment) and for total WHOQOL-BREF summary scores in the full COMBINE sample and in the two sub-samples that had greatest changes in abstinence rates: naltrexone versus placebo and CBI versus MM (Anton et al. [3] ).
Results
Model results from the confirmatory factor analyses suggested that none of the tested models fit exceptionally better than any other and one model was non-positive definite (the model based on Yao and Wu [43] ). Table 2 presents the fit indices for each of the tested models. Since the model specified by Skevington et al. [34] , as shown in Fig. 2 , makes conceptual sense with factors comprising QoL and since that publication was the most widely cited of the tested models, we choose to proceed with the model specified by Skevington et al. [34] as one that may be most useful. We tested a factor model consisting of physical health, psychological health, social relationships, and environment as lower-order factors with one higher-order overall QoL factor that contained the items described by Skevington et al. [34] . CFA of the 23 item COMBINE study WHOQOL-BREF at the baseline assessment indicated acceptable model fit of both split samples (development sample: n = 672, RMSEA = 0.054 (90% CI 0.050, 0.059), CFI = 0.940; replication sample: n = 679, RMSEA = 0.050 (90% CI 0.045, 0.055), CFI = 0.942). Table 1 presents the items by factor and their respective factor loadings. Further, each first-order factor had high standardized factor loadings on the higher-order QoL factor (see Fig. 2 ). Next, we tested for factorial invariance across timepoints using the full sample to maximize data availability. The fit indices and change in model fit across Models 1-3 and Models 4-5 are provided in Table 3 . As shown in the table, all five models provided an acceptable fit to the data based on the RMSEA and CFI, with acceptable fit of Model 1 at all timepoints providing support for configural invariance. Moreover, nested model comparisons results supported metric invariance of the lower-order factor loadings (Model 1 vs. Model 2; baseline to week-26: DCFI = .005; week-26-52: DCFI = .007), metric invariance of the higher-order factor loadings (Model 2 vs. Model 3; baseline to week-26: DCFI = .001; week-26-52: DCFI = .001), and scalar invariance of the lower-order factor means (Model 4 vs. Model 5; baseline to week-26: DCFI = .007; week-26-52: DCFI = .001). Accordingly, we concluded that the WHOQOL-BREF is invariant across time from baseline to 10 weeks following treatment (week-26) and from 10 weeks following treatment to 36 weeks following treatment (week-52).
The internal consistency reliability of the baseline, week-26, and week-52 data for the WHOQOL-BREF was acceptable (Cronbach as [ 0.70). For the full WHOQOL-BREF measure, internal consistency reliability at each timepoint was excellent (Cronbach as [ 0.90). Table 4 presents Cronbach as for each subscale and total scale for each of the three timepoints. Further, the WHOQOL-BREF total summary score had excellent convergent validity per significant bivariate correlations with all tested measures (p \ .001; see Table 5 ). Convergent validity of the total score and the physical health factor subscales of the WHOQOL-BREF was demonstrated by significant correlations with other indices of psychological functioning (i.e., ADS, BSI total and subscale scores, DrInC total and subscale scores). The remaining subscales demonstrated very weak (mostly non-significant) associations with other indices of psychological functioning.
Cohen's d effect sizes comparing subscale and total WHOQOL-BREF summary scores from baseline to the week-26 and week-52 timepoints within the full sample were in the medium range (ds [ 0.30; see Table 6 ). Accordingly, the WHOQOL-BREF appears to be able to detect changes in QoL following treatment. Effect sizes comparing subscale and total summary scores of the WHOQOL-BREF at week-26 and week-52 timepoints between treatment conditions are presented in Table 7 . All effect sizes within the two treatment comparison subgroups examined in the present study were in the small range (ds \ 0.30). 
Discussion
The present study provides empirical support for the viability of the WHOQOL-BREF in a sample of individuals with AUD. The construct validity was supported and the widely cited factor structure of the WHOQOL-BREF [34] fit data from COMBINE. Importantly, the present study established measurement invariance of the WHOQOL-BREF across multiple timepoints. Measurement invariance was established for the higher-order factor structure through ''strong invariance.'' Substantively, these findings indicate that factor scores including the higher-order QoL factor scores may be compared across time (pre-and post-treatment, posttreatment, and follow-up) among individuals with AUD. Moreover, internal consistency reliability and convergent validity of the full WHOQOL-BREF were excellent and medium effect sizes were found between baseline and later timepoints within the full sample of COMBINE. These findings contribute important information to the field by identifying the WHOQOL-BREF as a viable measure for evaluating improvements in QoL following treatment for AUD, which is an important indicator of improvement from both client and clinician perspectives (e.g., Kaskutas et al. [24] ; [32] ). Importantly, the WHOQOL-BREF appears to be a useful measure for demonstrating improvements in QoL following treatment; however, the between treatment group effect sizes at 10-weeks and 9-months post-treatment were quite small and suggest that the WHOQOL-BREF was unable to detect differences between active treatment conditions in the COMBINE study. It is also critical to acknowledge that a lack of difference between groups in QoL measures does not inherently mean QoL measures, and that other non-consumption outcomes are necessarily insensitive to detect treatment effects. It may be that QoL is a less proximal outcome than alcohol consumption, that the treatments did not effectively target QoL improvements, or a number of alternative explanations for why we did not find larger effect sizes between active treatment conditions. Future work should continue to examine other QoL and other non-consumption measures to determine whether other measures are more useful as indicators of treatment efficacy in AUD treatment studies.
Limitations and future directions
Although the study provides evidence for the utility of the WHOQOL-BREF in AUD treatment research, the present analyses are not without limitations. First, the models tested to establish measurement invariance were not all perfectly nested. Accordingly, fit indices of Models 1-3 cannot be directly compared to those of Models 4-5. Nonetheless, fit indices of Models 1-5 all provided adequate fit per a priori fit indices and model fit generally improved as additional constraints were added. Together, these findings support our conclusion of measurement A second limitation to the present study is that we only evaluated the measurement invariance and psychometric properties for the most widely cited factor structure of this QoL scale [34] . Alternative factor structures fit similarly in the present study and may have also demonstrated measurement invariance and similar psychometric properties. However, the majority of the alternative factor structures comprise a four-factor solution that is largely similar to that published by Skevington et al. [34] . Further, the factor solution published by Skevington et al. [34] was the most widely cited article examining the WHOQOL factor structure at the time of manuscript preparation for the present study. Accordingly, although there are always alternative factor structures that may provide similar or even better model fit, we chose to test the factor structure that has proven most useful in the literature.
Another limitation to the present study is that COMBINE omitted one item of the WHOQOL-BREF that assesses negative affect. Although negative affect may be potentially important to examine in AUD populations, it is important to know that the psychological health factor is robust in the face of this clerical error. Further, the WHOQOL-BREF was highly correlated with other measures of psychological well-being, which may suggest that the WHOQOL-BREF in COMBINE still assesses psychological problems such as those that may be related to negative affect.
It is also important to evaluate other psychometric characteristics of the WHOQOL-BREF in these samples. Specifically, future research should test the sensitivity and specificity of the WHOQOL-BREF for detecting clinically meaningful changes. For example, receiver operating characteristic curves [19] may be used to examine how suitable the WHO-QOL-BREF may be as a predictor of other outcomes (e.g., consumption, alcohol-related consequences). Such research would be consistent with recent recommendations to consider a variety of treatment outcomes in evaluating AUD treatment efficacy (e.g., [13, 36] ). Consequently, future research would be able to evaluate treatment efficacy based on more clinically meaningful outcomes than abstinence or other consumption outcomes alone.
Conclusions
Researchers have called for increased use of clinically meaningful outcome variables in evaluating treatment of addictive behaviors beyond abstinence alone (e.g., [28, 30, 41] ). Quality of life (QoL), comprising physical health, psychological health, social relationships, and environmental factors, may be a particularly appropriate non-consumption variable for AUD treatment researchers to use because it assesses various aspects of one's life that have been highlighted as meaningful to clients and their loved ones in addition to treatment providers (Kaskutas et al. [24] ; [32] ). The findings of the present study suggest that the WHOQOL-BREF may be a psychometrically viable measure for AUD treatment researchers to use systematically to compare baseline and post-treatment changes in QoL. Future AUD treatment researchers can examine pre-and post-treatment changes on the WHO-QOL-BREF as a concise way to evaluate treatment benefit beyond alcohol use or abstinence alone.
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